Introduction
Overweight and obesity have increased dramatically in Sweden during the last decades in adults, adolescents, and children alike [1] [2] [3] . Based on the current National Survey of Living Conditions, approximately 50 and 40% of adult men and women, respectively, in the general population are now either overweight or obese based on self-reported body mass index (BMI) [4] . Of these, about 10% are obese in both sexes. Two decades ago, the corresponding figure was only 5% [5] . Recent cross-sectional population surveys based on measured BMI, however, report a higher prevalence of obesity; in a survey from Southern Sweden, 17 and 16% of men and women, respectively, were obese [6] , and in the MONICA survey from Northern Sweden, the prevalence was even higher with 18 and 19% of men and women, respectively, being obese [7] . In 18-year-old Swedish men, obesity and morbid obesity have increased 5 and 10 times, respectively, between 1969 and 2005 [2] . The composition of the obese category (BMI ≥ 30) has also changed, with BMI ≥ 35 constituting 13% in 1969-1974, and 25% in 2000-2005 . However, there is some evidence of a possible stagnation of this trend in children. A recent study of Sjöberg et al. [3] reported that the obesity epidemic may have reached a plateau in urban Swedish boys and possibly reversed among girls. In the US, data from the National Health and Nutrition Examination Survey (NHANES) show that there was no significant increase in the prevalence of obesity over the 4 latest time periods investigated (1999-2000, 2001-2002, 2003-2004, and 2005-2006) for either boys or girls [8] . The prevalence of abdominal obesity in the Swedish general population has been investigated in cross-sectional population surveys. The MONICA survey from Northern Sweden reported in 2004 a prevalence of 16-32% and 18-55% for men and women, respectively, in age categories 25-74 years according to the National Cholesterol Education Program (NCEP) cut-offs (> 102/> 88 cm for men and women, respectively). In
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all age categories, an increased waist circumference (WC) was seen based on the cross-sectional studies conducted between 1990 and 2004 [7] . While the BMI distribution in the general Swedish population is rather well characterized, the prevalence in primary care has until recently been largely unknown [9] . Prevalence estimates of morbid obesity in primary care remain unreported. For planning purposes, it is of interest to know the relationship between the BMI distribution in the general population and the population in primary care. As the population in Sweden, as elsewhere, grows increasingly more obese, it is likely that the burden on primary care will increase disproportionately, since the number of patients with BMI ≥ 35 appears to increase at a greater rate than of those with BMI 30-34.9 [2, 10] . Although costs are positively correlated with BMI from the normal weight range onwards [11] [12] [13] , the relationship appears to be non-linear, with much greater costs incurred by the morbidly obese [14] . Many of the most obese Swedish patients will even be cared for within the primary health care system, while specialist clinics can only treat a fraction of those cases. The aim of this study was to describe the sex-specific prevalence of overweight, obesity, and morbid obesity in primary and occupational health care in Sweden. Furthermore, the prevalence of abdominal obesity, determined by WC, was estimated.
Patients and Methods

Patients
A cross-sectional study design was used to examine BMI in consecutive patients aged 18-65 years consulting a primary care physician, regardless of the reason for the consultation. The study was conducted at 29 primary care and 10 occupational health clinics between October 23 and December 29, 2006 . The clinics were recruited from centres of primary care and occupational health from Central and Southern Sweden. Of the 70 clinics invited, 43 accepted the initial invitation, and 39 clinics actually participated. At each centre, a physician chose any 3 days per week during 2 consecutive weeks for inclusion of patients. The instructions were to choose 'typical days at their clinic' in order to exclude days of education, days with many internal meetings, or days when certain subgroups of patients were planned to come to the clinics. A total of 1,614 patients agreed to participate in the study. Overall, 31 data records were excluded due to missing data (no signed report sheet (n = 26), missing sex (n = 3), missing height or weight (n = 1), young age (15 years; n = 1)). The final sample consisted of 1,583 patients. The regional Ethics Committee of Stockholm granted ethical approval. Informed written consent was obtained from each person.
Data Collection
Physicians or nurses measured weight, height, and WC, and entered the data into a case report form. Weight was measured by the same digital scale (8909 ST Bodyfat, EKS International, Hereford, UK) at all clinics. The measurements were performed with the patients dressed in light clothing without shoes, and 0.6 kg was subtracted as standard correction for the weight of the remaining clothes. Standing height was measured to the nearest cm against a wall-mounted stadiometer ( Pettersson/Johansson/Rössner/Neovius were classified as underweight (< 18.5), normal weight (18.5-24.9), overweight (25-29.9 ), obese (30-34.9), and morbidly obese (≥ 35) [15] . According to a recent review conducted by a panel of experts, there is currently no consensus regarding the optimal protocol for measurement of WC, and no scientific rationale has been provided for recommended protocols by leading health authorities [16] . In this study, WC was measured with patients standing dressed in underwear or a light shirt. It was measured at the minimum circumference between the iliac crest and the rib cage. Measurements were taken during the end of a 'relaxed exhale' and rounded to the nearest cm. Based on WC, patients were categorised into 3 categories according to sex-specific cut-offs from NCEP/International Diabetes Federation (IDF) (< 94/< 80; 94-102/80-88; > 102/> 88 for men and women, respectively) [17, 18] .
Statistics
Statistical analyses were conducted using SPSS, version 15.0 (SPSS Inc., Chicago, IL, USA) and Stata, version 10.0 (Stata, College Station, TX, USA). Descriptive statistics are shown as mean values with standard deviation (SD), and sex differences were assessed by independent samples ttest (age, continuous), one-way ANOVA (with age and sex categories as factors, and continuous BMI/WC/weight/height as the outcome), and chisquare tests (categories of BMI-based obesity and WC-based abdominal obesity). The linear relationship between BMI and WC was assessed by constructing sex-specific multiple linear regression models with WC as the outcome variable (continuous), and BMI (continuous) and age (continuous) as explanatory variables. Logistic regression was used to investigate potential sex differences in prevalence of overweight, obesity, and morbid obesity. These 3 models were constructed with overweight/obesity/morbid obesity (all dichotomous) as the outcome variable, and sex (male/female), centre (primary care/ occupational health clinic), and age (continuous) as explanatory variables. The categories of BMI-based obesity status (< 18.5, 18.5-24.9, 25-29.9, 30-34.9, ≥ 35) and WC-based abdominal obesity status (WC > 102/88 for men and women, respectively) were cross-tabulated in order to graphically display the distribution of abdominal obesity across BMI categories. A p value of < 0.05 was considered statistically significant.
Results
Patient characteristics are presented in table 1. No significant difference in age between the sexes was detected (0.1 years; p = 0.82), while males were heavier (15 kg; p < 0.001), taller (14 cm; p < 0.001), had a higher BMI (0.7 kg/m 2 ; p = 0.006), and a greater WC (10 cm; p < 0.001). BMI, weight, and WC increased with age in both sexes, although there was no significant difference between the ages from 40 years (BMI and weight) and 50 years (WC). The prevalence of both overweight and obesity increased with age until age 60, but thereafter declined ( fig. 1 ). Differences in patient characteristics in primary care and occupational health are presented in table 2. The patients in occupational health care were older (2.2 years; p < 0.001) and taller (2 cm; p < 0.001) compared to those in primary care. Overall and in men, there were no significant differences in either BMI or WC. However, the women in primary care had higher BMI (1 kg/m 2 ; p = 0.01) and larger WC (2.3 cm; p = 0.03). than 1% of both males and females were underweight, while 69 and 53% of men and women, respectively, had a BMI ≥ 25 (table 1) . 24 and 22% of men and women, respectively, had a BMI ≥ 30. In the primary care setting, there were significantly more women compared to the occupational health care clinics who had a BMI ≥ 30, 24 versus 17% (table 2) . There were no differences in obesity status between settings for men. After adjustment for age and centre, more men than women were overweight (odds ratio (OR) 2.1; 95% confidence interval (CI) 1.7-2.6; p < 0.0001), but for morbidly obese patients (BMI ≥ 35), the pattern was the opposite (OR 0.4; 95%CI 0.3-0.7; p < 0.0001). No difference was observed for obesity (OR 1.1; 95%CI 0.9-1.4; p = 0.30). In men, the morbidly obese constituted 17% of the obese category, while in women, they constituted 41%. 
Obesity Status Based on BMI
Abdominal Obesity Status Based on Waist Circumference
The prevalence of abdominal obesity was 43 and 33% in women and men, respectively, according to NCEP cut-offs (table 1) . The distribution of abdominal obesity across BMI categories is shown in figure 2 . Although increasing BMI was associated with increasing prevalence of abdominal obesity, a large number of patients were abdominally obese but had a BMI < 30 (36% of men and 52% of women). BMI and WC were highly correlated ( fig. 3) , and the variations in BMI, adjusted for age, explained 76 and 79% of the variation in WC in females and males, respectively. Each 1 unit of BMI increase was associated with an increase in WC by 2.0 and 2.4 cm in women and men, respectively. While the point estimate of the prevalence of BMI-based obesity was greater for men than women, men were significantly less likely to be abdominally obese (OR 0.6; 95%CI 0.5-0.8; p < 0.0001) (table 1).
Discussion
We investigated the prevalence of obesity and abdominal obesity in primary and occupational health care in Sweden. The obese fraction in this setting was higher compared to both national surveys of self-reported BMI [19] and surveys of measured BMI in the general population [6, 7] . In addition, almost every 10th woman was morbidly obese, making it twice as common as in men. The prevalence of abdominal obesity was 43 and 33% in women and men, respectively, but only 48 and 64% of these were obese defined by BMI. This indicates a high likelihood of underdiagnosis of individuals at risk unless WC is measured in parallel, provided that the reference values for WC are good predictors of metabolic risk. As obesity increases, so does the risk of many common conditions seen by primary care physicians, such as musculoskeletal disorders, hypertension, type 2 diabetes, dyslipidaemia, and skin problems [15, 20] . Hence, it is not surprising that the prevalence of obesity is higher in primary care than in the general population, and this has been documented previously in both Swedish and international studies [9, 21, 22] . The magnitude was also large, with 22 and 25% of women and men, respectively, having a BMI ≥ 30 compared to approximately 10% in both sexes in the general population, based on self-reports [23] . Higher prevalence has been reported based on measured BMI data from Gothenburg in 2002 (15% for men and 11% for women) and Northern Sweden (MONICA; 19% for men and 18% for women, in 2004). There are, however, large variations in prevalence between urban and rural areas in Sweden [24] , so a greater prevalence is expected in Northern Sweden. This study confirms some of the findings regarding prevalence and sex differences of the recently published Swedish arm of the IDEA study, including 2,077 primary care patients [9] . The prevalence of abdominal obesity there and in the present study was similar for men (30.8 vs. 32.7%) and women (40.7 vs. 42.5%). Although the prevalence of obesity was also similar (men 20.2 vs. 23.8%; women 19.8 vs. 21.8%), the IDEA study did not report morbid obesity. Furthermore, the age group investigated differed slightly, with the present study only including patients aged 18-65 years compared to 18-80 years in the IDEA study. In both the current study and the IDEA study, more men were overweight and obese, as judged by BMI, while more women than men exceeded the cut-offs for abdominal obesity. Classically, male and female obesity have been described as 'apple-shaped/android' and 'pearshaped/gluteo-femoral,' respectively. In both studies, a higher prevalence of abdominal obesity was found in Swedish women than in men. This may reflect greater problems with central fatness in women, or that the published reference values for WC are inappropriate for Swedish women and/or men. The scientific basis for the WC cut-offs can be questioned, as they were derived from the average values corresponding to BMI 30 [25] , and not from prospective studies of morbidity or mortality. Also, similarly to BMI, they are not age-, sex-or ethnicity-specific. Hence the findings of women having greater prevalence of abdominal obesity in this and other studies [9, 21, 22] may be an indication of inappropriate cut-offs rather than poorer metabolic health in women. While the rates of overweight and obesity were higher in men than in women, morbid obesity was significantly higher in women, and the magnitude was alarming. To the best of our knowledge, the prevalence of morbid obesity in the Swedish primary care setting has not been described previously. Of all women with BMI ≥ 30, 41% had a BMI ≥ 35. For men, the corresponding percentage was 16%. In a population-based study of Swedish 18-year-old men, it has recently been described that the percentage of the morbidly obese in the obese category increased from 13% in 1969-1974 to 25% in 2000-2005 [2] . Similar data have been reported for US adults [10] . In that perspective, the percentage of morbidly obese men as a share of all obese seems low in primary care, while for women the percentage is alarmingly high. Unfortunately, no comparative data for morbid obesity are available from the general population for adults, and some caution is warranted due to the relatively low subgroup sample size (28 men and 79 women). To the best of our knowledge, the only data available for morbid obesity is from a study based on measured BMI in Southern Sweden (2001) (2002) (2003) , reporting a prevalence of 3 and 9% for men and women, respectively [6] . In primary and occupational health care, often only weight and height are measured, and BMI hopefully calculated. Although there was a strong correlation between BMI and WC, only a small fraction of the abdominally obese was detected if BMI was used as a screening tool for persons at risk. In fact, only a third of the abdominally obese women and a little more than half of the men were also obese based on BMI. As qualification for behavioural modification and/or pharmaceutical/surgical treatment as well as referral to secondary and tertiary care is often based on BMI alone, many abdominally obese patients may be missed if WC is not measured as well. In Sweden, for example, pharmacotherapy is only reimbursed for obese patients with BMI ≥ 35, or BMI ≥ 28 with type 2 diabetes or dyslipidaemia [26] . Similarly, obesity surgery in Sweden is recommended from BMI ≥ 35 [27] . No consideration of abdominal obesity is made explicit in the guidelines for either pharmaceutical or surgical interventions. Based on the current trends, it is likely that the pressure on primary care from obesity will increase. During the last decades, overweight and obesity have increased not only in adults, but also in young children and adolescents [1] . Some data point towards a stabilisation of the prevalence in children [3] , but the absolute levels remain high. Overweight adolescents generally become overweight and later obese adults [28, 29] . As many obesity-related diseases do not start to exert their toll until mid-life, there is a considerable delay before the full impact on primary care is realised. As the prevalence of obesity quadrupled in 10-year-old Swedish children during the last 20 years [30] , and quintupled in adolescent males over the last 35 years [24] , the pressure is likely to increase markedly. The strengths of this study were its at least reasonable representativeness for Swedish primary and occupational health care, measured height, weight, and WC instead of self-reported data, and sufficient sample size for stratified analyses regarding sex differences in obesity and abdominal obesity. It is possible that a certain degree of selection bias resulted due to patients' right to decline participation, if this decision was influenced by obesity status and not random. It is known that non-participation tends to increase with increasing obesity [31] , and is likely to result in an underestimate of the actual prevalence. This bias is present in the majority of prevalence studies on obesity, as individuals seldom can be forced to participate, and we could not address it in the present study. The lack of more detailed measures of body composition as well as blood samples preclude more detailed analyses of the relationship between the proxy measures used and more direct measures of cardiovascular risk. Finally, the inclusion of both occupational and primary care practices may result in some distortion, as it is known that people who work generally have better health status than those who do not ('healthy worker effect'). We found no significant differences in men, while women in primary care had both higher BMI and WC than in occupational health clinics. In summary, we confirmed previous findings of a higher prevalence of obesity in primary care than in the general population, as well as sex differences regarding general and abdominal obesity. We extended previous findings by reporting an alarmingly high prevalence of morbid obesity in women, and also by showing how approximately 50% of abdominally obese adults are missed if using BMI-based obesity as a selec- Fig. 3 . Association between BMI and waist circumference in males (n = 698) and females (n = 885). Reference lines denote the cut-offs for obesity (based on BMI) and abdominal obesity (according to the NCEP definition [17] )
